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Abstract. It is proposed to identify the strong electric ﬁeld created during relativistic collisions of asym-
metric nuclei via observation of pseudorapidity and transverse-momentum distributions of hadrons with
the same mass but opposite charges. The detailed calculation results for the directed ﬂow within the
Parton-Hadron String Dynamics model are given for Cu-Au interactions at the NICA collision energies of√
sNN = 9 and 5GeV. The separation eﬀect is observable at 9GeV as clearly as at 200GeV.
It was demonstrated in ref. [1] that charged parti-
cles created in relativistic heavy-ion collisions may pro-
duce extremely strong electromagnetic ﬁeld strength. In
particular, in peripheral Au-Au collisions at the energy√
sNN = 200GeV in the very initial interaction state this
strength reaches |eBy|/m2π ∼ 5 = 5 · 1018 Gauss, which
exceeds every value reachable in the earth conditions and
even may be higher than the ﬁelds created in magnetars.
However, the subsequent analysis of Au+Au collisions in
the range up to the top RHIC energy has observed no
visible eﬀect of the strong electromagnetic interactions
on global characteristics, in particular, for such a sensi-
tive quantity as the elliptic ﬂow. The reason of that is
not a very short interaction time of the system, as could
be naively expected, but rather a compensation eﬀect be-
tween electric and magnetic components of acting electro-
magnetic forces, as found in ref. [2]. Thus, the question of
wether so strong electromagnetic ﬁelds are really created
in high-energy nuclear collisions remains open.
Recently, it has been found that such compensation is
absent in asymmetric relativistic collisions due to the dif-
ference in the number of protons in colliding nuclei [3, 4].
In particular, in Cu+Au(200GeV) collisions the directed
ﬂow (the ﬁrst ﬂow harmonic v1(η, pt)) exhibits an elec-
tric charged particle dependence. As follows from the re-
sults presented in ﬁg. 1, the electric ﬁeld in the central
region of the overlapping area has a speciﬁc tendency to
go from Au to Cu and this eﬀect can be observed at the
nominal NICA energy
√
sNN = 9GeV, too. Indeed, the
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Fig. 1. Electric ﬁeld generated in the transverse plane of
Cu+Au collisions at
√
sNN = 9GeV, b = 4.5 fm and t =
2.5 fm/c. The direction of the arrows indicates the ﬁeld di-
rection projected onto the reaction plane and the length is
proportional to the electromagnetic strength shown in color.
strength of the induced electric ﬁeld is strongly asymmet-
ric within the region of overlapping nuclei, which may re-
sult in observable asymmetry of hadrons with opposite
charges.
As noted in [2], the electromagnetic ﬁeld (EMF) is
formed predominantly by spectators in the early time dur-
ing the mutual passage of the two colliding nuclei. Since
the number of spectators increases with the impact pa-
rameter b, the magnetic ﬁeld should also increase in more
peripheral collisions and decrease gradually with b. In ad-
dition, the directed ﬂow v1 is getting larger when one pro-
ceeds to more peripheral collisions. Thus, this experiment
is more promising at large impact parameters.
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Fig. 2. The time dependent components of the average electric
Ex and magnetic By ﬁeld generated in the center of Cu+Au
collision at b = 4.5 fm and
√
sNN = 9GeV.
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Fig. 3. Pseudorapidity distribution of positive and negative pi-
ons created in Cu+Au collisions at
√
sNN = 9 (top ﬁgure) and
5 (bottom) GeV and the impact parameter interval 4.4–9.5 fm.
Histograms are the result of the standard PHSD transport ap-
proach, points are the results where the electromagnetic force
is additionally included.
As is seen from ﬁg. 2, the average strength of the dom-
inant components of the electric 〈Ex〉 and magnetic 〈By〉
ﬁelds reaches in the time interval 1–2 fm/c maximal val-
ues 〈eEx〉 ≈ 0.050m2π GeV2 and 〈eBy〉 ≈ 0.085m2π GeV2.
Other components are practically negligible. These values
are obtained in the spatial cylinder with radius R = 2 fm
and length |z| < 2.5/γ fm passing through the center
of colliding nuclei. The maximal average energy density
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Fig. 4. Charge-dependent pt distributions of pions from asym-
metric Cu+Au collisions at
√
sNN = 9GeV for backward (up-
per panel) and forward (bottom panel) emission. The param-
eters used and notation are as in ﬁg. 3.
for collision energy 9 and 5GeV, respectively, that justi-
ﬁes the use of the partonic version of the string dynamic
model.
In this respect, on the basis of the Parton Hadron
String Dynamics model [5–7] we calculated various char-
acteristics of asymmetric Cu+Au collisions at the NICA
energy
√
sNN = 9 and 5GeV. As is seen from ﬁg. 3, with-
out accounting for the created EMF the η distributions
for π+ and π− are very close to each other (the diﬀerence
is coming only from diﬀerent mean multiplicity of these
pions), but the inclusion of the electromagnetic ﬁeld re-
sults in a sizable separation of these distributions. Note
that the detector acceptance is taken into account here.
At lower energy, 5GeV, the separation eﬀect is weaker:
the diﬀerence between v1(η) distributions calculated with
and without the EMF is within statistical error bars.
The transverse-momentum distributions of the di-
rected ﬂow v1 for pions created at
√
sNN = 9GeV are
presented in ﬁg. 4. It is remarkable that v1(pt) diﬀers in
the backward (η < 0) and forward (η > 0) directions. For
η < 0 (the Au side) the low-momentum (pt < 1GeV/c)
pions are dominant while in the opposite direction the pt
distribution is an increasing function with some minima
at pt ∼ 0.5GeV/c. In both cases the charge separation
is well visible in ﬁg. 4 and it is getting larger for higher
values of pt.
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Fig. 5. Charge-dependent pt distributions of pions from asym-
metric Cu+Au collisions at
√
sNN = 5GeV for backward (up-
per panel) and forward (bottom panel) emission. Notation as
in ﬁg. 3.
The pion transverse-momentum distributions for the
collision energy 5GeV are shown in ﬁg. 5. It is clearly seen
that though the functional behavior of v1(pt) is quite simi-
lar to that in ﬁg. 4, the magnitude of the pion directed ﬂow
v(pt) is suppressed at lower energy resulting in smaller
separation eﬀect. It is noteworthy that the magnitude of
v1 is a weakly increasing function above
√
sNN = 9GeV
and practically coincides with appropriate values at the
collision energy 200GeV [3].
Similar eﬀects are observed for K+ and K− mesons.
However, for a proton-antiproton pair this is not the case
since the strong interaction of p and p¯ is quite diﬀerent.
The particularity of the NICA energy range is that
the particle creation occurs at a high baryon density or a
large baryonic chemical potential. In addition, the electric
charge chemical potential is also quite important since we
are interested in hadrons with opposite electric charges.
Future study of these eﬀects, especially in the partonic
phase, is of great interest.
Thus, we propose to measure the pseudorapdity v1(η)
and transverse-momentum v1(pT ) distributions of the di-
rected ﬂow for identiﬁed pairs of hadrons (at least for π+,
π− and K+, K− mesons) in the NICA energy range, which
could ﬁrst evidence a new physical eﬀect —the formation
of extremely strong electromagnetic ﬁelds in relativistic
heavy-ion collisions. The top NICA energy is favorable for
such measurements. The realization of this experiment im-
plies that two ions of diﬀerent kinds may interact in the
collider creating a very high electromagnetic ﬁeld. As an
estimate shows, the planned luminosity L = 1027 cm−2s−1
resulting in the collision rate (σL) = 500 event/s makes
this experiment feasible at the NICA collider.
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